Abstract: This article analyzes the lanthanum, cerium, samarium, europium, terbium, ytterbium, lutetium, uranium, and thorium content in humic acids within soil and paleosol surface horizons from the southern steppe in the Southern Urals. Research demonstrates similar accumulation levels of these elements in paleosols isolated from both the active medium between 3.6 and 3.3 thousand years ago and in recent background soils. Despite the lack of significant differences, research has shown a growing content among the rarest metals in the series "the buried paleosols-man-modified paleosols of settlement-recent background soils". Research has detected the lowest content of La, Ce, Sm, Eu, Yb, Lu, and Th in preparations of humic acids of recent background soils. This reveals a close content to most elements in humic acids of paleosols buried under barrows and ancient settlement paleosols. Additionally, it indicates the virtual absence of anthropogenic impact on binding lanthanides and actinides by humic acids in ancient times. The contribution of humic acids into the common pool for each element was evaluated using a special approach. Research showed that there was less than half the share of elements associated by humic acids of paleosols than in the recent background chernozems in the total pool of lanthanides and actinides. This article considers the prospects of using humic acids of recent and ancient soils in identifying behavioral patterns of metal complexes through time.
Introduction
Humic acids (HAs) are natural substances that perform several functions in the biosphere, most notably acting as stabilizing forces [1, 2] . One of a humic acid's functions is that of protection. The growth of productive human activity had led to an increase in biosphere pollution through toxic elements; however, humic acids can neutralize toxic effects on organisms and ecosystems as a whole. This is due to HA's ability to accumulate, deposit, and store carbon, along with a wide range of trace elements for long geological periods, as well as the ability to inhibit chemical compounds that are toxic to living organisms. This ability of humic acids is well known [3] [4] [5] [6] [7] .
Humic acids belong to a class of natural substances with variable composition. The content of their structure-forming elements varies per the following ranges (wt %): carbon between 50 and 62; hydrogen between 2.8 and 6.0; oxygen between 31 and 40; and nitrogen between two and six.
Materials and Method
Humic acids were isolated and analyzed from the upper humus (A) horizons of soils and paleosols under barrows and paleosols from man-made settlements (the so-called cultural layer) [32, 33] . These soils were developed under forest-steppe conditions in the Southern Urals ( Figure 1 ).
The area under study is located in the Plastovsky district, Chelyabinsk region, a kilometer northwest of the village Stepnoe. The territory is confined to the first terrace of the left bank of the Uy River. According to climatic zoning, the key area is in the minimally humid, warm, southern region of continental West Siberia [34] . It is characterized by an average annual air temperature of about +2 • C, with a sum of temperatures above 10 • C in the range of 1950-2000 • C. Annual rainfall is approximately 450 mm with an evaporation 100 mm higher than the abovementioned value [35] . Vegetation is mainly a combination of birch groves and island pine forests with meadow and forb-grass steppe [36] .
Recent soil covers the basic background of the territory (over 30%) and comprises leached chernozem according to the classification WRB 2014-Haplic Chernozems [37] .
The area includes Stepnoe, an archaeological site excavated by Kupriyanova and Zdanovich [38] . The site includes a series of Bronze Age burial barrows with paleosols buried underneath, along with several settlements of a similar age. Thus, the site's paleosols experienced anthropogenic impact, i.e., the effect of people inhabiting them. Both paleosol groups are relatively close in time, within 3.7-3.3 ka BP [38, 39] . Paleosols were isolated from the surface and from the period's active biological cycle. The ecological situation in the study area is overall favorable as harmful production is absent. ka BP [38, 39] . Paleosols were isolated from the surface and from the period's active biological cycle. The ecological situation in the study area is overall favorable as harmful production is absent. Characteristics of humus horizons of paleosols buried under barrows, settlement paleosols, and the recent background soils and humic acids from which they were isolated are represented in Table  1 .
According to their morphological characteristics, the area's background soils correspond to leached chernozems. They have a slightly alkaline medium in the humus chernic horizon, containing an average of about 3.2% of organic carbon and have a humate composition of humus of which about 50% are humic acids ( Table 1) . The latter have a composition typical for soils formed under foreststeppe conditions (wt %), carbon: 50.5 ± 3.4%; hydrogen: 4.2 ± 0.3%; oxygen: 41.5 ± 2.9%; and nitrogen: 3.3 ± 0.3%. The atomic ratio of the basic structure-forming elements, hydrogen and carbon (H:C), varies in humic acids of leached chernozems in the range of 0.79-1.01 with an average of 0.90. Characteristics of humus horizons of paleosols buried under barrows, settlement paleosols, and the recent background soils and humic acids from which they were isolated are represented in Table 1 .
According to their morphological characteristics, the area's background soils correspond to leached chernozems. They have a slightly alkaline medium in the humus chernic horizon, containing an average of about 3.2% of organic carbon and have a humate composition of humus of which about 50% are humic acids ( Table 1) . The latter have a composition typical for soils formed under forest-steppe conditions (wt %), carbon: 50.5 ± 3.4%; hydrogen: 4.2 ± 0.3%; oxygen: 41.5 ± 2.9%; and nitrogen: 3.3 ± 0.3%. The atomic ratio of the basic structure-forming elements, hydrogen and carbon (H:C), varies in humic acids of leached chernozems in the range of 0.79-1.01 with an average of 0.90. According to Zdanovich [38, 39] and archaeological findings, the under barrow paleosols with a humus (A) horizon of 22 cm average thickness were buried about 3600 years BP, whereas the settlement paleosols with thicknesses of about 10-12 cm experienced anthropogenic impact 3300 years BP.
The humus horizons of paleosols under barrows had a slightly alkaline reaction medium, contained 0.4-0.7% carbon, and were characterized by a humate humus type in which 40-45% were humic acids. This soil component contained an average of 53.4% by weight of carbon, similar to the previous atomic ratio of H:C, which lies within the range typical for soils from both the northern steppe and southern forest-steppe (Table 1) .
Settlement paleosols, which experienced anthropogenic transformation in the period of human habitation, were relatively heterogeneous in terms of the characteristics associated with the top 10-12 cm layer, which is known as the "cultural layer" in archaeological science. This is characterized by fluctuations around a neutral reaction of medium, deviating in different samples in one direction or another. Carbon content varied within 0.4-1.1 wt %, averaging 0.7%. The humus had a humate type close to the aforementioned paleosol (C HA :C FA = 2.60). Humic acid content was slightly more than 50% (see Table 1 ); carbon content had an average of 53.5 wt % with the value of H:C in the range of 0.68-0.83 which is typical for chernozem row soils [40, 41] .
Conclusions were formed according to the rules and principles of the pedohumus method of paleoenvironment diagnostic and reconstruction. This methodology derives from a humus substance's ability to reflect its environment in its composition and properties, preserving this information for a long geological time [42] [43] [44] . In addition to information taken from soil samples isolated from humic acid characteristics (Table 1) , our results indicate that both recent and ancient soils had been formed in similar temperature conditions with different humidity levels.
Sampling of paleosol humus horizons was done every 50 cm along the archaeological excavations ( Figure 2 ). According to Zdanovich [38, 39] and archaeological findings, the under barrow paleosols with a humus (A) horizon of 22 cm average thickness were buried about 3600 years BP, whereas the settlement paleosols with thicknesses of about 10-12 cm experienced anthropogenic impact 3300 years BP.
Settlement paleosols, which experienced anthropogenic transformation in the period of human habitation, were relatively heterogeneous in terms of the characteristics associated with the top 10-12 cm layer, which is known as the "cultural layer" in archaeological science. This is characterized by fluctuations around a neutral reaction of medium, deviating in different samples in one direction or another. Carbon content varied within 0.4-1.1 wt %, averaging 0.7%. The humus had a humate type close to the aforementioned paleosol (СHA:СFA = 2.60). Humic acid content was slightly more than 50% (see Table 1 ); carbon content had an average of 53.5 wt % with the value of H:C in the range of 0.68-0.83 which is typical for chernozem row soils [40, 41] .
Sampling of paleosol humus horizons was done every 50 cm along the archaeological excavations ( Figure 2 ). In frames of genetic horizons depth, soil sampling occurred as a continuous column every 5-10 cm (or less). Samples of recent background soils were taken from sections located around the archaeological site using the same techniques.
The total organic carbon was determined by oxidation with K2Cr2O7 (Tyurin's method) [45] , humus composition by separate extracting with NaOH and H2SO4 (Ponomareva-Plotnikova method) [46] .
Humic acids were extracted in strictly identical conditions; they were precipitated by 2n HCl from 0,1n NaOH extraction after preliminary decalcification of the humus horizon sample. Traditional hard cleaning of humic acid preparations with 6n HCl or HF+HCl was not carried out. Elemental composition of HA was determined by an analyzer EURO EA-3000 (EuroVector, Pavia, Italy). In frames of genetic horizons depth, soil sampling occurred as a continuous column every 5-10 cm (or less). Samples of recent background soils were taken from sections located around the archaeological site using the same techniques.
The total organic carbon was determined by oxidation with K 2 Cr 2 O 7 (Tyurin's method) [45] , humus composition by separate extracting with NaOH and H 2 SO 4 (Ponomareva-Plotnikova method) [46] .
Humic acids were extracted in strictly identical conditions; they were precipitated by 2n HCl from 0,1n NaOH extraction after preliminary decalcification of the humus horizon sample. Traditional hard cleaning of humic acid preparations with 6n HCl or HF+HCl was not carried out. Elemental composition of HA was determined by an analyzer EURO EA-3000 (EuroVector, Pavia, Italy).
Total contents of La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Th, and U were quantified in humic acids and soils with a technique of multi-element neutron-activation analysis in the laboratory of Tomsk Polytechnic University through the application of certified methodologies. Analysis accuracy was checked by standards including the International Standard of sea deposits.
The lanthanides and actinides were determined in both the soil mass and the humic acid preparation masses.
The content of each studied element in the humic acid preparations was recalculated per unit of found carbon, content of total organic carbon in soil, and carbon attributable to humic acid.
Calculations were carried out according to the formula:
where a is element content in soil HA, mg·kg −1 ; b is Total Organic Carbon (TOC), %; c is HA, %; d is element content in preparation, mg·kg −1 ; f is C in HA, wt %.
To determine the humic acid participation in the formation of the gross amount of the corresponding element in the soil, this index was recalculated to reflect its content in the whole soil.
In order to recalculate any element in the preparation of humic acid on its content in the soil, it is necessary to have data on the following: the study of the elemental composition of preparation; equity participation of humic acids in the humus composition in the soil; and the total contents of organic carbon and of the studied element in the soil.
Results and Discussion
To represent the share of lanthanides and actinides associated with humic acids in the total gross content of elements in recent soils and paleosols within the investigated local forest-steppe typical site, it is necessary to consider three problems: -the content of lanthanides and actinides in the soil mass marked above natural objects (recent background soils and paleosols buried under barrows and the spread on the territory of settlement 3.6-3.3 Ka); -the content of these elements in preparations of humic acids extracted from the abovementioned soils and paleosols; -the participation share of each element associated with humic acids in the total pool of recent background soils and paleosols.
The data of lanthanum, lanthanides, and actinides content in recent background soil and paleosols, from which the humic acids have been extracted to determine the amount of these elements present, are presented in Table 2 .
Analysis showed that the greatest values in the humus horizons of recent leached chernozems, paleosols under burial mounds, and anthropogenically modified paleosols of settlement were that of cerium content, constituting an average of 23-37 mg·kg −1 . Maximum values exceeding 40 mg·kg −1 in 24 definitions were found only in three cases, the minimum (fewer than 20 mg·kg −1 ) in two. The amount of cerium increased from the paleosols under burial mounds to the anthropogenically modified paleosols of settlement and recent background soils of the study area. As the soils had similar properties, it is likely that an increase in the presence of cerium in the soil mass of recent chernozem captured the growing contamination of the territory by this toxic element. Among the other elements, only lanthanum was characterized by relatively high values of approximately 10 mg·kg −1 , while the average quantity in the other various studied objects was similar (Table 2 ). An increase of lanthanum content from ancient to recent times is seen clearly in the data trends ( Figure 3) . Lanthanum had smaller gradations of variation than cerium. The minimum value of its content did not fall below 7-10 mg·kg −1 and the maximum did not exceed 12.6-16.9 mg·kg −1 , with the exception of only three cases out of 24. Thus, cerium and lanthanum had the highest content values in soils and paleosols. It was comparable to the content of cobalt, copper, or lead in chernozems in the same region [49] . All studied soils and paleosols contained smaller amounts, not exceeding 2 mg•kg −1 of samarium, europium, terbium, ytterbium, and lutetium. There was a clear trend of these elements' accumulation from ancient times to the recent past (Figure 3) . The studied actinides, uranium, and thorium had an average content not exceeding 2-2.6 mg•kg −1 . The uranium content in samples of soils and paleosols from different sections was in the range of 1.8-2.2 mg•kg −1 in the recent soils and 1.1-2.4 in paleosols. For thorium, this range was somewhat wider: 2.43-3.07 in the first case and 1.55-2.89 in the second.
Regarding the soil row, from paleosols under burial barrows to the recent soils there was a trend of increasing average content of thorium (from 1.97 to 2.64 mg•kg −1 ) and uranium approximately per 20 mg•kg −1 .
A comparison of the contents of the individual elements in recent soils of the leached chernozem in the study area with those in the lithosphere [47] and the biosphere [48] showed that these soils could not be considered contaminated by lanthanides, uranium, or thorium as they did not exceed the levels of their content as found in the earth's crust (Table 2) . However, the content of some elements was as high as (Eu and U) or even slightly higher (Ce) than their levels in the biosphere (Table 2 ). Thus, cerium and lanthanum had the highest content values in soils and paleosols. It was comparable to the content of cobalt, copper, or lead in chernozems in the same region [49] . All studied soils and paleosols contained smaller amounts, not exceeding 2 mg·kg −1 of samarium, europium, terbium, ytterbium, and lutetium. There was a clear trend of these elements' accumulation from ancient times to the recent past (Figure 3) .
The studied actinides, uranium, and thorium had an average content not exceeding 2-2.6 mg·kg −1 . The uranium content in samples of soils and paleosols from different sections was in the range of 1.8-2.2 mg·kg −1 in the recent soils and 1.1-2.4 in paleosols. For thorium, this range was somewhat wider: 2.43-3.07 in the first case and 1.55-2.89 in the second.
Regarding the soil row, from paleosols under burial barrows to the recent soils there was a trend of increasing average content of thorium (from 1.97 to 2.64 mg·kg −1 ) and uranium approximately per 20 mg·kg −1 .
A comparison of the contents of the individual elements in recent soils of the leached chernozem in the study area with those in the lithosphere [47] and the biosphere [48] showed that these soils could not be considered contaminated by lanthanides, uranium, or thorium as they did not exceed the levels of their content as found in the earth's crust (Table 2) . However, the content of some elements was as high as (Eu and U) or even slightly higher (Ce) than their levels in the biosphere (Table 2) . Therefore, the average content of virtually all the elements in the recent background soil was higher than in the paleosols, either in those buried under barrows or those which experienced anthropogenic transformation from human habitation on the settlement's territory. Although significant differences using Student's t-test for the compared objects were not identified, there was a clearly visible negative trend of increased content of the studied elements in recent soil as compared to paleosols isolated between 3.6 and 3.3 ka (Figure 3) .
The study results of the element content in humic acid preparations isolated from recent background soils and paleosols of the southern forest-steppe of the Southern Urals are represented in Table 3 .
Data analysis shows that cerium and lanthanum had the highest content in preparations of humic acids, i.e., the same elements as in soils. Among the lanthanides, cerium presented in the largest quantities within preparations of humic acids, with an average of 3.4-7.4 mg per kilogram weight of the preparation. Lanthanum content did not exceed an average of 3.2-3.7 mg·kg −1 in paleosols and was 2.3 mg·kg −1 in the recent leached chernozem.
The average content of samarium, europium, and ytterbium in humic acids was an order less, varying from 0.14 to 0.55 mg·kg −1 . Lutetium was two orders less (0.04-0.08 mg kg −1 ), while terbium was found only in trace amounts in most samples.
Paleosols buried under mounds contained the largest accumulation of lanthanides and lanthanum by humic acids; the fewest in the recent background soil (Figure 4 ). Therefore, the average content of virtually all the elements in the recent background soil was higher than in the paleosols, either in those buried under barrows or those which experienced anthropogenic transformation from human habitation on the settlement's territory. Although significant differences using Student's t-test for the compared objects were not identified, there was a clearly visible negative trend of increased content of the studied elements in recent soil as compared to paleosols isolated between 3.6 and 3.3 ka (Figure 3) .
Data analysis shows that cerium and lanthanum had the highest content in preparations of humic acids, i.e., the same elements as in soils. Among the lanthanides, cerium presented in the largest quantities within preparations of humic acids, with an average of 3.4-7.4 mg per kilogram weight of the preparation. Lanthanum content did not exceed an average of 3.2-3.7 mg•kg −1 in paleosols and was 2.3 mg•kg −1 in the recent leached chernozem.
The average content of samarium, europium, and ytterbium in humic acids was an order less, varying from 0.14 to 0.55 mg•kg −1 . Lutetium was two orders less (0.04-0.08 mg kg −1 ), while terbium was found only in trace amounts in most samples.
Paleosols buried under mounds contained the largest accumulation of lanthanides and lanthanum by humic acids; the fewest in the recent background soil (Figure 4 ). It should be noted that the contents of most elements in humic preparations of paleosols buried under barrows and paleosols of the settlement are close, which means there was virtually no anthropogenic impact on binding by humic acids, lanthanides, and actinides in ancient times.
The highest amount of thorium in the humic acid preparations was found in paleosols buried under mounds, where their content was in the range 11-22 mg•kg −1 , averaging more than 17 mg•kg −1 (Table 3) , with the uranium content an order less. Humic acids of recent chernozem had accumulated more uranium than both paleosols. Uranium is the exception among the studied elements, as its content in ancient soils is almost the same and substantially higher (more than 30 mg•kg −1 ) than in recent soils. In general, fluctuations of quantitative characteristics of humic acids in their saturation by the elements were small among the objects.
Thus, the average content of La, Ce, Sm, Eu, Yb, Lu and Th in humic acid preparations of recent soils was lower than in paleosols at the study area with the exception of U, which was higher ( Figure  4) . It should be noted that the contents of most elements in humic preparations of paleosols buried under barrows and paleosols of the settlement are close, which means there was virtually no anthropogenic impact on binding by humic acids, lanthanides, and actinides in ancient times.
The highest amount of thorium in the humic acid preparations was found in paleosols buried under mounds, where their content was in the range 11-22 mg·kg −1 , averaging more than 17 mg·kg −1 (Table 3) , with the uranium content an order less. Humic acids of recent chernozem had accumulated more uranium than both paleosols. Uranium is the exception among the studied elements, as its content in ancient soils is almost the same and substantially higher (more than 30 mg·kg −1 ) than in recent soils. In general, fluctuations of quantitative characteristics of humic acids in their saturation by the elements were small among the objects.
Thus, the average content of La, Ce, Sm, Eu, Yb, Lu and Th in humic acid preparations of recent soils was lower than in paleosols at the study area with the exception of U, which was higher (Figure 4) . The calculation of the studied elements' direct content in humic acids of soils and paleosols and the determination of their share in the total pool of natural objects under investigation was based on the average data (Table 4) . The results show that the highest shares of all the elements are found in recent background soils; the lowest are in the soil buried under barrows of about 3.6 ka ( Figure 5 ). The calculation of the studied elements' direct content in humic acids of soils and paleosols and the determination of their share in the total pool of natural objects under investigation was based on the average data (Table 4) . The results show that the highest shares of all the elements are found in recent background soils; the lowest are in the soil buried under barrows of about 3.6 ka ( Figure 5 ). The highest percentage of all investigated elements in humic acids relative to their content was found in the paleosols buried under the mound (6.8%), compared to 4.4% found in the anthropogenically transformed settlement paleosols. This contrasts to the 13.2% found in recent soil in the territory including, respectively, 3.3% and 9.9% of lanthanides and actinides.
Thus, the largest share of lanthanides and actinides is contained in recent soils.
Conclusions
This study contains a comparative analysis of the actual content of lanthanides and actinides in recent soils and paleosols and the humic acids isolated from them. Though similar levels of the The highest percentage of all investigated elements in humic acids relative to their content was found in the paleosols buried under the mound (6.8%), compared to 4.4% found in the anthropogenically transformed settlement paleosols. This contrasts to the 13.2% found in recent soil in the territory including, respectively, 3.3% and 9.9% of lanthanides and actinides.
This study contains a comparative analysis of the actual content of lanthanides and actinides in recent soils and paleosols and the humic acids isolated from them. Though similar levels of the element accumulation were identified both in paleosols isolated from the active medium 3.6 and 3.3 ka and in the recent background soils, the tendency of increased rare metal content in the series "the buried paleosols-man-modified paleosols of settlement-recent background soils" was revealed. The content of the studied elements in paleosols buried under barrows should be a starting point in identifying contamination processes over time. The lowest content of La, Ce, Sm, Eu, Yb, Lu, and Th was detected in preparations of humic acids from recent background soils. The content of most elements in humic acids of paleosols buried under barrows and paleosols from settlements of comparative ages was similar. This indicates the virtual absence of anthropogenic impact on binding lanthanides and actinides by humic acids in ancient times.
We proposed a method of element content recalculation which considers their amounts in separate humic acid preparations as well as the presence of humic acids in the soil. The method also incorporated a determination of the share in the accumulation and deposit of lanthanides and actinides by that component of humic substances. Humic acids play the most significant role in the total pool of lanthanides and actinides in recent soils among studied objects.
